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APPENDIX A

STATIC STRESS ANALYSIS OF THE COMPOSITE MAIN ROTOR
BLADE FOR THE AH-64A HELICOPTER
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REFERENCES

CMRB-79-004 Basic Loads Report for the Composite Main
Rotor Blade for the YAH-64 Advancec Attack Helicopter
1 June 1978
Revised July 1979
Revised March 1982

Structural Test Report for the CMRE YAH-64/AAH
Feb. 1982.

CMRE 79-041 Safety of Flight Review Airworthiness
Substantiation Document Composite Main Rotor Blade
for the YAH-64/AAH May 1980, Vol. I and II
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Static Analysis for the YAH-64 CMRB CMRB-79-005
PREPARED BY CHECKED BY MODEL WO
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SUBREY  YaH-64 CMRB

INTRODUCTION

This appendix contains the revised static and fail safe stress analysis of the
YAH-64 CMRB.

Based on this analysis, there will be no failure 8t uitimate load (1.5x limit) and
negligible permanent set under limit loads. In addition, with a critical structure
element fajled (i.e., one Tug in four (4) lug joint) the CMRB will be capable of

taking limit loads as ultimate without failure. Permanent set is allowed under
these conditions.

The CMRB static loads are given in Section 20 starting on Pg. A20.01. Centrifugal

Force vs. Blade station at various rotor speeds along with blade moments are 1isted.
Loads are from Reference 1.

Revised section properties are given on Pg. A30.02 in Table 30-1, A plot of section
properties is given on Pg. A30.03.

A summary of all testing done on the CMRB, both the original design and the re-

designed blade is shown on pg. A10.04. See also References 2 and 3. Redesign
consists of the following:

1. .048" graphite inner skin; was .010" kevlar.

2. Honeycomb supporting the trailing edge skin and swept tip; was Keviar tubes
and Kevlar ribs respectively.

3. .075 graphite channel that runs the length of the blade; was .048" Kevlar web.
4. Double flange bushing (spool) at the attach Yub; was a single flange bushing.

The above changes increased the blade strength, however gll static testing was
done with Specimens which were of the original design

PORAM 9704 ARV &/T7)
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INTRODUCTION - (Cont'd)

Pg. AM0.01 shows the cross section of the lugs with double flange bushings (spools)
now being used on the CMRS to contain the fibers because they tend to spreac or
flatten out when loaded. This design also 2llows the fibers to be wound tightly
around the bushing resulting in 102 more fibers being used in the make-up of the
lug versus the single flange design. This results in a lug of greater strength.

Pg. M0.02 shows the saximum lug load resch during test (specimen had single flange
lug bushings). The lug did not fail (specimen club end failed, Ref. 2) and cal-
culations show the lug can withstand a load 402 higher than ultimate. The test
substaniated the attach lugs and root portion of the blade. Analysis for the
blade's constant section is shown on Pgs. A50.01 and AS50.02.

The tip section of the blade has been struct.ally substaniated by static test

(see Ref. 2). Loading of the tip is shown on Pg. A60.01. The blade tip withstood
356% of 1imit load.

Structural integrity has been established by analysis and test. For analysis
before test see the main body of the report.
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é; Mughos Helicaptors, inc. CMRB 79-005

SUMMARY OF TESTS RESULTS

This page presents the results of tests conducted on the Composite Main Rotor Blade
for the YAH-64 Advanced Attack Helicopter. The tests were conducted at the Hughes
Helicopters Inc. Structures Test Laboratory, Culver City, CA., between January 1980
and August 1981,

One each, Swept Tip specimens were subjected to Static, Ground-Air-Ground, and Fatigue
loading. One each, Root-Midspan specimens were subjected to Static and Ground-Air-
Ground loading. Five Root specimens were tested under fatigue loading.

Significant test results are as follows:
1. Swept Tip Static, GAG and Fatigue tests.

a. 100% radial limit Joad achieved or Swept tip section without failure

’ or permanent sec.

b. 100% vertical limit load and ultimate load on aft tip weight box without
failure or permancat set. 211% radical 1imit Yoad achieved on swept tip
assembly without failure. -

c. l:?]ndia'l 1imit Yoad achieved on fwd. and aft tip weight boxes without

ailure.

d. 108,000 cycles, representing eight times three GAG cycles per hour for
8 service 1ife of 4500 hours achieved without failure.

2. Root-Midspan Static and GAG tests.

a. 100% radial 1imit load applied statically without yielding or permanent
set. Fatlure at the club end occurred at 149% limit load.

b. 108,000 cycles, representing eight times three GAG cycles per hour for
8 service 1ife of 4500 hours achieved without fatlure. Lug fa{led at 33,200
cycles of 125% GAG load.

3. Root Fatigue Tests

a. Tests conducted on specimens 1 and 2 were considered invalid due to
tlaverheating of the test specimen resulting from an excessive test cyclic

oad rate,

b. A premature failure of specimen No. 3 fndicated insufficient fatigue
strength of the blade attachment lugs as originally designed.

¢c. Specimen 4, which incorporated design configuration changes yielded
greatly isproved fatigue strength in the Jug area although lateral
expansion of the lugs was still present.

d. Specimen 5, with shimmed Yugs which simulated the additional lateral
restraint of the longo fibers obtainable from the future use of double
flanged lug bushings showed no damage or lateral expansion of the lugs
after 947,700 cycles at increased 10ad levels. The last 50,400 cycles
were obtained at the mean 1 hour 1oad level. The required number of
cycles at the 1 hour load level {s 17,340. The root end of the blade
could still support centrifugal force when the test was terminated due
to increased deflections.

A-T7
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‘ YAH-64 Static and Fatig1g Analysis LMRR 28008
PREPARED BY APC 3/9/82 CHECKED 8Y WODEL NO. YAH-64

SURRCT \aH-64  CMRB

MINIMUM MARGINS OF SAFETY

Margin
Station Load Condition Type of Stress of
A
N ny=3.5,V,~180 Kn Tension in Kevlar Windings .40
Lugs RPM=289
cl?\lgnt n,=3.5, V¢*180 Kn Compression in Kevlar spar
Section RPM=289 Yongos in the constant section 06
&7 n,*3.5, V,*180 Kn 0
Constant z > f Shear due to torsion in 45
Section RPM=289 layers of the constant section .08
84 RPM = 0
Compression in Kevlar spar
g:z::::t ::3 Torgue longos after the T.E. Yongos High
n.*1.0 have buckied
21
270 RPM = 376 .
- Tension load applied to tip ‘ :
B.‘r:g' V=150 kn weight housings and blade tip | 9"
“1'3'5
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Main Rotor Blade Preliminary limit loads

Power On

n, = 3.5, V = 180 kn, RPM = 289

M
r (tx:{b) - (1a=1b) (h:{b)
(1a.) Mean Cyclic Magn Cyclic Mean Cyclic
1.0 et N.A.
! ~15000 42000

25.0 +8400 36400 — R.A. e
3.5 +4400 49700 60000 60900

«15000 33000
44.5 -8800 55300 . 55900 79400

«12000 33000
59.5 -5000 48700 50000 106000

- . - 9000 32000

87.0 -3500 26300 37700 133000

- 8000 32000
121.9 -5500 23600 29100 149000

- 5600 32800
156.8 -6000 28300 19900 136000

- 4300 32000
191.7 ~-8000 42900 12400 97500 )

: ' - 3500 32000
226.6 -4000 44000 6600 60100
. . - 2200 22000

256.0 +2000 25200 1200 22900 :

-~ 1700 10500
273.0 +4500 14800 300 8300

-~ 900 4300

NCTE. Lds m tables are {rem Kef 1 -
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Main Rotor Blade Preliminary Limit Loads
Powver Off, (Limit Rotor Spesd)

ng = 3.5, Ve« 150 kn, RPM = 376

»
e 4y
. (u-"ﬁ) (4n-1b) (48-1b)
(4n.) Mean Cyelic Mean | Cyelic Mean Cyeldc
11.0 H.A.
- -11000 18000
25.0 - 3600 10200 | - N.A.

3.5 - 4000 13900 -29000 | 42700
11000 14100

“.5 - 1510 15400 -26600 | 55700
- 9100 14300

59.5 - 940 13600 -23800 | 74300
- 7100 13500

87.0 - 4000 7300 -18000 | 93300
- 5800 13400

121.9 - 7600 6600 -13900 | 104000
- 4200 13300

156.8 -11500 7900 | - 9500 | 95300
- 3200 13500

191.7 -13100 12000 - 5900 | 68400
. - 2900 13400

226.6 - 9300 12300 - 3100 | 42100
| - 2600 9300

256.0 + 6100 7000 - 50| 216100
- 1600 4500

273.0 + 2700 4100 - 240 5800
- 650 1900
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CMZB  Loads
»
Main Rotor Blade Preliminary Limit loads
Power Off
»
ng = 3.5, V= 150 kn, RPM = 301 N
M My
£ (1a-1b) (nﬁb) (in~1b)
(1a.) Mean Cyelic Nean Cyelte Nean Cyelie
11.0 ' R.A,
=14000 23800
25.0 - +8400 23700 N.A.
3.5 +4400 32400 -25700 54400
=14000 18600
44,5 -8800 36000 -23900 71000
~11500 18900
59.5 «5000 31700 -21400 ” 94800
- 9100 17800
87.C =3500 17100 -16100 115000 ) :
- 7400 17700
121.9 -5500 15400 «12500 133000
- 5400 17500
156.8 ~6000 18400 - 8500 122000
- 4100 17800
191.7 «8000 27900 - 5300 87200
- 3700 17700
226.6 4000 28600 - 2800 53700 e
s - 3300 12300
256.0 +2000 16400 - 500 20500
- 2100 6000
273.0 +4500 9600 - 130 7400
- 800 2500
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CHNRB Lloeds

Main Rotor Blade Preliminary lLisit loads

Power 0ff 6 (Design Minimum Rotor Spead)

Ry = 3.3, V= 150 kn, KPM = 261

My
r (in-1b) (il:gb) (Ln,-‘{b)
(12.) Mean Cyelte Mesn Cyelic Mean Cyclic
1.0 K.A.
~ 14000 30000
25.0 +8400 36400 N.A.
3.5 . | +ss00 49700 -23000 | 58000
14000 23500
.5 ~8800 55300 -21400 | 72000
11500 23700
9.5 5000 48700 -19200 | 101000
- 9100 22400
87.0 3500 26300 -14500 | 127000
- 7400 22100
121.9 5500 23600 -11200 | 142000
- 5400 22000
156.8 ~6000 28300 - 7600 | 130000
- 4100 22400
191.7 -8000 42900 - 4715 | 92900
F - 3700 22300
226.6 ~4000 44000 - 2500 | S7200
- 3300 15400
256.0 +2000 25200 - 460 | 21800
- 2100 7500
273.0 #4500 14800 |. - 15 7900
- 800 3100
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Main Roter Blade Preu.linng limit Loads
Pover Omn
X ng = 2.5, V= 204 kn, RPM = 289
Mg M M
. (10-1b) (1n~ib) (12-1b)
(1a.) Mean Cyelic Mean Cyclic Mean Cyclte
11.0 R.A.
«14000 20900
25.0 - 820 29600 KA. e
3%.5 -11900 40500 . | 60000 46300
_ | =14000 17500
.5 - 8600 45000 55900 60400 B
} : ~11500 17700
59.% - 6100 39600 50000 80600
- 9100 16700
87.0 - 9000 21400 37700 101000
-~ 7400 16600
121.9 - 7900 19200 29100 113000 .
- 540G 16400
156.8 - 6200 23000 19900 103000
. - 4100 16700
191.7 ~ 8300 34900 126400 74100
- 3700 16700
226.6 - 5200 15800 6600 45700
- 3300 11500
256.0 0 20500 1200 17400
. . - 2100 $600
273.0 + 1480 | 12000 300 6300
- 800 2300
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SURJECT ot /

C MRB Lecds

Main Rotor Blade Preliminary Limir Loads

Power On, (Linit Rotor Speed)

v e = 3.5, V = 180 kn, RPM = 361
Me My
} (1oulb) (10-1b) (12-1b)
(12.) Mean Cyelse Mean Cyclic | Meem Cyelte
11.0 — K.A.
] -14000 17000
25.0 3600 15200 N.A.

4.5 -4000 | 20800 34000 48700
14000 13300

.5 1510 23100 31700 44300
. -11500 13500

59.5 - 940 20300 28300 59200
- 9100 12700

87.0 | —4000 11000 21400 74300 ]

_ - 7400 12600

121.9 7600 9900 16500 83200
- 5400 12500

156.8 -11500 11800 11300 75900
- 4100 12700

19L.7 -13100 17900 7000 54400 | .

- 3700 12600

226.6 -9300 18300 3700 33600
. - 3300 8800

256.0 +6100 10500 700 12800
- 2100 4300

273.0 +2700 6200 200 4600
- 800 1800
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CMRB Locds

Main Rotor Blade Preliminary Limit loads

(Zero Rotor Speed, Maximm Torque)

< 8, = 1.0, Ve 0kn, PN = 0
Mp Me Mr
- (ia-1b) (10-1b) (in-1d)
(1a.) Mean® Cyelde Mean | Cyclie Mean Cyelic
11.0 26500 Negli- R.A. Negli- Negli- Negli~
gible gible uible gible
34.5 19600 79900
&4.5 18100 74400
59.5 16100 66600
87.0 12660 50200
121.85 8910 38800 .
136.75 5780 26500
191.65 3270 16500
226,35 1350 8800
256.0 320 1600
273.0 40 1 400 Y Y v
* 13 ‘static droop moment with respect to & hox:aonnl reference plane.

PORM 8704 (MEV 477)
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SECTION PROPERTIES

Section properties are 1isted in Table 30-1 in this section. E]c. EIf
and GJ are shown graphically on pageA30.03. On pageA30.07 the shear
flows due to & 1000 in-1b torque applied to the blade are shown. On page

A30.08 is listed the test data from which the calculated torsional
stiffness of the blade was verified.
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INTRODUCTION

Fatigue life of the CMRB is equal to or greater than 4500 hours as required per
Specification Number AMC-SS-AAH-H10000. Also with a critical element failed the
CMRB is capable of 2 minimum of thirty (30) minutes of flight after initial failure.

The revised fatigue life of the CMRB has been substantiated by a combination of
analysis and component fatigue tests. A summary of test results is shown on Pg.
A10.05. Fatigue analysis of the blade before testing is presented in the main body
of the report.

Five root specimens were tested. The first two specimens were root-midspan specimens

" The purpose being to test the blades root-end and mid-span simultaneously. During
testing of the specimens 1 and 2 premature lug failures occurred at 8000 and 24000
respectively due to the high rate of cyclic loading (approximately 13 Hz), which
cause heating of the lugs and an undue rise in temperature leading to early failure.
13 Hz was the resonant frequency of the specimen.

A premature fatlure of specimen No. 3 indicated insufficient fatigue strength of
the blade attachment lugs as originally designed. Specimen 4, which incorporated
design configuration changes yielded greatly improved fatigue strength in the lug
ares although lateral expansion of the lugs was still present.

The present design of the blade lugs has a double flange bushing (spool) to contain
the fibers because they tend to spread or flatten out when loaded. The previous
tested blade specimens had bushings with only a single flange. To structurally
simulate the current design in the fatigue test, shims were placed between the link
assembly and the blade Yugs for specimen S.

Specimen 5, with shimmed Tugs showed no damage or lateral expansion of the lugs
arter 947,700 cycles at increased 1oad levels. The last 50,400 cycles were obtained
at the mean 1 hour load Tevel. The required number of cycles at the 1 hour load
level 1s 17,340. The root end of the blade could still support centrifugal force
when the test was terminated due to increased deflections.
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CMRB Fatigue Analysis

INTRODUCTION - (Cont'd)

Other changes to the original design that increase the fatigue strength are as
follows:
1. .048" graphite inner skin; was .010" Kevlar,
- 2. Honeycomb supporting the trailing edge skin and swept tip; was Kevlar tubes
and Kevlar ribs respectively.
3. .075 graphite channel that runs the length of the blade; was .048 Kevlar web.

A summary of loads and test results {is given on Pg. B15.01 for specimens 3, 4, and 5;
and on Pg, B10.05 is a summary of all testing done on the CMRB.

One swept tip was tested. Loads and results are shown on Pg. B15.02. The swept
tip is of original design with .010" Kevlar inner skin and Xevliar ribs supporting
the skin. The present design has honeycomb supporting the skin and is stronger.

From test results shown on Pg. B15.01 and Pg. B15.02, flignt L-N fatigue curves are
developed starting on Pg. B20.01. For flap bending and chord bending curves, the
most conservative combination of 45° and 0° curve shapes is used. This is because
either the 45° or ° fibers may fail first. For torsion, only the 0° curve shape
1s used since torsion 1s resisted as axial load in the 145° fibers. The attach
lug curve shape is based on the 0° fibers. The mean test curve at the endurance
1imit is reduced as follows:

L-N_CURVE_SCATTER REDUCTION FACTORS

Number of Fatigue Percent of Mean L-N
Test Specimens Curve Used
1 50%
2 ! 65%
3 752
4 or more Statistical analysis
(M-35) .

I
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CMRB Fatigue Analysis

PREPARED 8Y

SUBJECT

INTRODUCTION - (Cont'd)

values obtained for endurance limit, 10 hour and 1 hour flight allowables are
shown on Pg. B3C.C1 and compared to metal blade allowables.

Starting on Pg. B40.01 the values on Pg. B30.01 for endurance limit and one hour
are shown graphically along with the applied blade load curve. From these curves
the fatigue strength of the CMRS can be compared to the metal blade and the load
applied to the blade.
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SUMMARY OF TESTS RESULTS

This page presents the results of tests conducted on the Composite Main Rotor Blade
for the YAH-64 Advanced Attack Helicopter. The tests were conducted at the Hughes
Helicopters Inc. Structures Test Laboratory, Culver City, CA., between January 1980
and August 1981,

One each, Swept Tip specimens were Subjected to Static, Ground-Afr-Ground, and Fatigue
loading. One each, Root-Midspan specimens were subjected to Static and Ground-Air-
Ground loading. Five Root specimens were tested under fatigue loading.

Significant test results are as follows:
1. Swept Tip Static, GAG and Fatigue tests.

a. 100% radial limit load achieved on swept tip section without faflyre
or permanent set. :

b. 100% vertical 1imit load and ultimate load on aft tip weight box without
failure or permanent set. 211% radical limit Toad achieved on swept tip
assembly without failure,

c. J:tz]radial 1imit load achieved on fwd. and aft tip weight boxes without

ailure.

d. 108,000 cycles, representing eight times three GAG cycles per hour for
a service 1ife of 4500 hours achieved without failure.

2. Root-Midspan Static and GAG tests.

a. 100% radial limit load applied statically without yielding or permanent
set. Fallyre at the club end occurred at 149% limit load.

b. 108,000 cycles, representing eight times three GAG cycles per hour for
2 service life of 4500 hours achieved without failure. Lug failed at 33,200
cycles of 1251 GAG Toad.

3. Root Fatigue Tests

a. Tests conducted on specimens 1 and 2 were considered invalid due to
c]:verheating of the test specimen resulting from an excessive test cyclic

oad rats.

b. A premature failure of specimen No. 3 indicated fnsufficient fatigue
strength of the blade attachment lugs as originally designed.

t. Specimen 4, which incorporated design configuration changes yielded
greatly improved fatigue strength in the lug area although lateral
expansion of the lugs was still present.

d. Specimen 5, with shimmed lugs which simulated the addftional lateral
restraint of the longo fibers obtainable from the future use of double
flanged lug bushings showed no damage or lateral expansion of the lugs
after 947,700 cycles at.increased l1oad levels. The last 50,400 cycles
were obtained at the mean 1 hour load level. The required number of
cycles at the 1 hour load level i{s 17,340, The root end of the blade
could still support centrifugal force when the test was terminated due
to increased deflections.
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Seept Tip 7lr§ue Lesul¥5 aud App//ed Loads
- Ket 3 E-<4-

Test Results, Swept Tip Patigus Test

- FATICUE MOMENTS (IN-LB.)
LOAD Sca. 266.5. Sta. 260 COGENTS
LEVEL L™ —X
ap Chord orsion 6
1 +9227 +5670 +1100 1 X 10° CYCLES, N0 FAILURE
2 +11534 +7088 #1376 1 1 10° cyauzs. wo rarLRE
3 +13841 | +8505 +1650 162,000 CYCLES. NO FAILURE
TEST TERMINATED. -
Fatigue Bending Moment Distributiom, Load Level 1
Swept Tip Fatigue Te l' .
. ~ STATION M, o
CYCLES (TH.)  |+(15.-1b]+(10.~1b)
5600 250 17013 | 16653 .
260 4186 | 10680
266.5 2670 9222
. 22590 250 17532 | 16963
260 4069 | 10679
266.5 se70 | 9227
29300 250 15268 | 16742
. 260 N.A. | 10679
266.5 5670 92?7
NETE, Sppcrmmen was 74(¢ ”Iil“q/ Je:/yn(kulqr inner shin), Preseqt
5164u ‘14) au 7ra,ahl/e. mver skev hich bes 7,~¢q{e~
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LOMPARISON OF ™ME compesiTE M /R RLADE

830.01
CMRB-79-006

ALLOWABLES _UNVTW TWRE_ WMETA _D\ AQSE

"Allowable - Leads (Cyelic)
Composite Blade || Metal Elade
Endvrance | 10 Hour | | Noor || Fadatance| 10 Hour | | Howr
) f’\ Mom || Lim: Lot | Lmd Lioad il el
39 2220040500 i 17 432 ' w3 o
Me 5400916640012 000i34552.71600 | 57/69
T we Me 122800 |2800¢0|27200l 108425 14130 | 27200 )
M: || 48020 | 56000 | £5000(| 34.560°| 51600 |27/60 * %%
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i M 11423000 |sg000 |55 000 |
3 Me |r2200| 25000 F7R00 , 1,
M |42000{56000 |65000 32470 | 34725} 57350}
¢4 Me l|l21200 | 25000 | 20000 19722 | 15700 | 24,c00° .
M. laéoco| sr4000 | éopo0 (|Haix | §15c0 | 46400
! 103 Me 1113920116700 | 20800 (1000"| 20500°| s2.400) Y
M. ||50400 | 62.9¢0 {78500 || 50006 |52 0ec | 47000 %
17 Lk 11120001 1300|13000} 19900 | 21555 |35ce0 | '
A ||50%c0 | 62900 | 78500 |58 100 | 60,422 | 772720 -
212 Me 112 00014300 [18000420 %400 | 220c2 | 359c0" . Ya
He || 50400] 6290075500 | ~><T |
206 Me 12 000 | 14300] 12000 211007 22890 37700° |,
50400£2900| 78500 57070 | £9300°| 74400
260 Ms || 6000 | 7900 | 9600 J21100| 225800 37100 |, Ya
266.S| M 113700 ] ¢300 { sBo0O | =>=<T| >~
1 ary /,;{, 5300 6.770¢84DO 1,:7; ‘\1700' q;’a.w‘
A ' ><_ | > /Sg
tow. 5| M ||/0256(/3000|/5200) 000 | 8442 | 1400 | _

% 45 aud o° Lurve s(u.ff;' vsed
@ CCurve Shape vsed
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Moment ~ (inch-1bs x 10-3)

84C.0:
C1RB-79-006

FLAF  BENDING
v BLADE STA.

CHRE . Mk Blade (Metal)
Fn/arﬁﬂc: an?‘ éjn/omn(e L/M}f

Blade Station = {inches)

Ref |

M/R Blade Bénding Moment
Flapvise Bending ~ 1.0 p- (164 ) PTTH
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Moment - (nch-1be x 1073)
' )

84C.03
C11RB-79-006

Chord 5,9,,5/,,,4 ws Blode Sta.

CMRB :
Enduwrance hmr]
Céard Be nc/mj

P T —

MIE Elade (Mda/)

— Endurance limi

Céarl geﬂc//ﬂﬁ

!hdo Station - (inches)

Re€ |

Chordwise Ben
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APPENDIX C

STRUCTURAL ANALYSIS OF A BALLISTICALLY
DAMAGED COMPOSITE MAIN ROTOR
BLADE FOR THE
AH-64A HELICOPTER
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REPORT TITLE REPORT NO.

LMRR-79-008 |
YAH-64

PREPARED BY CHECKED BY MODEL RO.

D. Mancill 4-7-82
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INTRODUCTION

This appendix contains the structural analysis of the ballistically damaged YAH-64
CMRB.

- Based on this analysis, there will be no failure at the limit vulnerability condition
(Nz = 2.0, V =150 kn, RPM 289). The fatigue life of the CMRB after suystaining
ballistic damage is greater than 30 minutes.

The damage model is based on an impact by 2 23mm high explosive incendiary (HEI)
projectile. Extent of the ballistic damage is based on experience with the metal

YAH-64 main rotor blade and the composite multi-tubular spar main rotor blade for
the AH-1G. -
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Table C-2. Main Rotor Blade Preliminary Vulnerability Fatipue Spectrum
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APPENDIX D

- DYNAMIC ANALYSIS OF THE COMPOSITE
MAIN ROTOR BLADE FOR THE
AH-64A HELICOPTER







This appendix supplements the dynamics section of the CMRB final report.
It summarizes mode shapes in Figures D-la through D-1n that show mode
shape plots for the CMRB with cyclic boundary conditions.

At frequencies where there are significant real and imaginary deflections,
both components are plotted.
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APPENDIX E

ENGINEERING PROCESS MANUAL FOR FABRICATING THE
COMPOSITE MAIN ROTOR BLADE
FOR THE AH-64A HELICOPTER
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1. SCOPE

1.1 This process bulletin establishes the materials and processes
required to fabricate the Model 77 composite main rotor blade (CMRB)
PN 7-311412500. It is currently in preliminary form and will be finalized
before production beguns.

2. APPLICABLE DOCUMENTS

2.1 Government documents. The following documents, of the issue in
effect on date of the initiation for bids or request for proposal, form a part
of this specification to the extent specified herein. In case of counflict between
these documents and this specification, the requirements of this specification
shall prevail.

SPECIFICATIONS
Federal

QQ-Ww-423 Wire, Steel, Corrosion Resisting

RR-W-3560 Wire Fabric, Industrial

TT-1-735 Isopropyl Alcahol

TT-M-261 Methyl Ethyl Ketone, Technical

MMM-A-132 Adhesive, Heat Resistant, Airframe
Structural, Metal to Metal

Military

MIL-C-9084 Cloth, Glass, Finished, for Resin
Laminates

MIL-T-21014 Tungsten Base, High Density Metal
(Sintered or Hot Pressed)

MIL-A-21180 Aluminum Alloy Casting, High
Strength

MIL-S-22473 Sealing, Locking and Retaining
Compounds, Single-Component

MIL-R-60346 Roving, Glass, Fibrous (for Filament
Winding Applications)

FORM 18494

€3 Hughes Helicopeers, inc.
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FORM 18434

HMS 16-1164

HMS 16-1171

HMS 17-1172

HMS 17-1175

HP 1-17

BP 4-35

HP 5-10

HP 6-3

HP 6-5

HP 8-5

HP 9-20

HP 9-26

HP 10-7

HP 15-42

HP 15-45

HP 15-67

HP 16-21

High Strength Organic Fiber (Kevlar)
Reinforcements, Yarn and Fiber

Adhesive for Polyurethane Bonding

Polyurethane, Rain Erosion Resistant
Elastomer

Polyurethane Foam, Self-Skinning,
Self-Extinguishing, Closed Cell, Rigid

Heat Treatment of 17-4PH and 15-5PH
Precipitation Hardenable Corosion

Resistant Steels

Anodic Treatment of Aluminum Alloys
for Metal-to-Metal Bonding

Environmental Sealing

Torquing of Aircraft Bolts, Screws,
and Nuts

Magnetic Particle Inspection

Identification of Detail Parts and
Assemblies

Etching and Priming of Tungsten Alloys
for Adhesive Bonding

Etch and Prime of Austenitic Corrosion-
Resistant Steel for Adhesive Bonding

Shelf Life

Fabrication of Reinforced Plastics
Application of Liquid Locking Com-
pound for Sealing and Retaining Metal

Fasteners, Bearings, and Bushings

Fabrication of Composite Parts by
Filament Winding Method

Structural Metal-to-Metal Bonding

€3 Hughes Helicopters, Inc.
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7-311412615
7-311412616
7-311412617
7-311412618
7-311412619
7-311412620
7-311412625
7-311412629
7-311412630
7-311412632
7-311412633
7-311412636
7-311412638
7-311412639
7-311412640
7-311412641
7-311412642

7-311412643

7-311412644
7-311412645
7-311412646

7-311412647

Forward channel mold

Aft channel mold

Trailing edge longo mold

Root end wedge mold

Form block

Root end dam mold

Template (erosion strip buildup)
Index plate, end plate

Tool assembly layout

Template guide setup

End dome detail winding mandrel
Spar broom winding fixture
Spacer — tip core and mold

Skin layup layout

Bushing location fixture

Blade cooling fixture

Root end dam locator

Filler — dummy tube and trailing edge
longo

Tip weight locator
Spar wedge template
Template spar cap tip

Staging table

é;mmmm
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Microballoons
Polyurethane erosion strip bonding adhesive and primer (HMS 16-1171)
Polyurethane erosion sirip banding adhesive and primer (HMS 17-1172)
Resin and hardeners (HMS 16-1115)
S-glass roving (MIL-R-60346, Type IV, Class 1)
Tungsten (MIL-T-21014)
Urethane foam (HMS 17-1173)
Wire rods, 316 CRES (QQ-W-423)
3.2.2 Shop aids.
Double-back tape
Isopropyl alcohol (TT-1-735)
Metal spacer
Methyl ethyl ketone (MEK) (TT-M-261)
Mold release (Ram 225, or equivalent)
Peel ply (Air Tech, Tool Tech, or equivalent)
Polyethylene, film, 2-mil, embossed
Polyvinyl alcohol
Scrim cloth
Sealant tape
Styrofoam, sheet, 1/2-inch (12.7 mm)
Tedlar film, l-mil
Teflon plugs
Wax (Trewax, or equivalent)

Wrightlon tube (Vac Pac, 3-mil) (7400 LF, 0.003)
FORM 16434 é; Hughes NHelicopters, inc.
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3.3.2 Fabrication of reinforced plastic subassemblies. Reinforced
plastic subassemblies shall be fabricated in accordance with HP 15-42 and

HP 15-67. Colored cotton thread may be used within the fiberglass laminates
to indicate the fiber orientation.

3.3.2.1 Fiberglass subassemblies shall be fabricated with a nylon peel
ply which shall be removed just prior to the bonding operation. All peel plies
shall be marked "Remove Peel Ply'' with letters no smaller than 1/4 inch
(6. 35 mm) in accordance with HP 8-5,

3.3.2.2 Fiberglass may be spliced in the filler area and 60-degree wraps
of spar tubes only. Splices shall be overlapped at least 1 inch (25.4 mm).

3.3.2.3 Fiber volume requirements and dry:wet fiber weight ratios are
specified below.

3.3,2.3.1 A 50-percent fiber volume and a 0.56 £0. 03 dry:wet fiber
weight ratio are required for Kevlar 49 fabric and rovings.

3.3,2.3.2 A 55-percent fiber volume and a 0. 60 £0. 03 dry:wet fiber
weight ratio are required for graphite fabric and rovings.

3.3.2,3.3 Fiber volume and dry:wet fiber weight ratios shall be performed

as required by this EPB in accordance with the techniques specified in
HP 15-67.

3.3.2.4 Storage of any filament wound or other uncured component await-
ing incorporation into a blade shall be done at low temperatures, in
accordance with the guidelines set forth in HP 15-67.

3.3.2.5 HMS 16-1164 (Kevlar) yarns and fabrics shall be dried out prior
to impregnation in accordance with HP 15-67,

3.3.3 Fabrication records. The following information is required to be
recorded in the individual planning for each blade fabricated (including
individual components).

3.3.3.1 Fabrication, start and completion time.

3.3.3.2 Lot, batch, or any other applicable identification numbers for
all materials used.

3.3.3.3 Resin mixing, dates and times.

FORM 16434 é; Hughes Helicopters, inc.
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3.3.4.4 Leading edge balance weight rods. The 316 CRES stainless steel
balance rods shall be processed as follows.

3.3.4.4.1 The required number and lengths are as specified in 3.3.6.1. 1.
3.3.4.4.2 Etch and prime the cut rods in accordance with HP 9-26.

3.3.4.4.3 ldentify in accordance with HP 8-5 and seal in a2 polyethylene
bag until ready for use.

3.3.4.5 Tungsten leading edge balance weight. The tungsten balance
weight shall be prepared as follows.

3.3.4.5.1 Etch and prime in accordance with HP 9-20,

3.3.4.5.2 Identify in accordance with HP 8-5 and seal in a polyethylene
bag until ready for use,.

3.3.4.6 Backing strips. The 301 CRES stainless steel backing strips
shall be processed as follows.

3.3.4.6.1 Etch and prime in accordance with HP 9-26.

3.3.4.6.2 Identify in accordance with HP §-5 and seal in a polyethylene
bag until ready for further use.

3.3.4.7 Aluminum wire mesh (7-311412547). The 5056 aluminum lightning
screen (RR-W-360, Type I, Class 2) shall be processed as follows.

3.3.4.7.1 Clean using MEK (TT-M-261) spray, repeated as required to
remove any visible contamination.

3.3.4.7.2 ldentify in accordance witt HP 8-5 and seal in a polyethylene
bag until ready for further use.

3.3.5 Curing. The minimal acceptable cure cycle is dependent on the
adhesive and resin system used. The most frequently used acceptable cure
cycles are as follows. When any deviation from these is used it must be
with the consent of the HHI Materials Processes and Standards Department,

as indicated by the signature of the cognizant MP&S engineer on the applicable
shop planning.

FORM 18434
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PORM 1643A

3.3.6.2 Voids greater than 0. 125 inch (3. 175 mm) in depth shall be
repaired as follows:

WARNING
Fire hazard; solvent is dangerous when exposed to
heat or flame; use only with plenty of ventilation
away from smoke and flames. Flashpoint 22°F
(-5.5°C).
3.3.6.2.1 Solvent wipe area with TT-M-261 MEK.

3.3,6.2.2 Scuff sand the area with 180 - 320 grit paper to remove any
gloss from the resin surface. Solvent clean as in 3,6.3.2.1.

3.3.6.2.3 Mix and apply HMS 16-1068, Class 3 adhesive in accordance
with HP 16-25, filling voids flush with the surrounding surfaces.

3.3.7 Secondary bonding operations.

3.3.7.1 Film adhesive bonding operations shall use HMS 16-1111, Class 3
adhesive in accordance with HP 16-30.

3.3.7.2 Paste adhesive bonding operation shall use HMS 16- 1068,
Class 3, adhesive in accordance with HP 16-25.

3.3.7.3 Electrical connections shall be sealed using HMS 16-1147, Class 2
adhesive in sccordance with HP 5-10.

3.3.7.4 The 7-3114152516-11 erosion strip shall be bonded in accordance
with EPB 16-139,

3.3.8 Finish {(paint). Finish in accordance with EPB 4-230.

3.3.9 Weight and balance. Weight and balance procedures shall be in
accordance with EPB 30-164. Install weight retention fitting doors and
secure fasteners using MIL-5-22473, Grade C in accordance with HP 15-45.

Torque fasteners to 25—35 inch-pounds (2.8—4.0 N-m) in accordance with
HP 6-3.

4. QUALITY ASSURANCE

4.1 Provisions of the NDE plan apply.

é; Hughes Helicopters, inc.




BULLETIN EPB 15-142 REV. PAGE 17 OF 17 T

6. NOTES

6.1 Intended use. This process is intended for use in the fabrication of
the composite main rotor blades for the Model 77 helicopter.

7. APPROVED VENDCRS

Not applicable

FORM 16434 é; Hughes Helicopters, inc.




APPENDIX F

NONDESTRUCTIVE EVALUATION PLAN
OF THE
COMPOSITE MAIN ROTOR BLADE
FOR THE AH-64A HELICOPTER

F.1
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NONDESTRUCTIVE EVALUATION PLAN

This nondestructive evaluation (NDE) and nondamaging testing (NDT) plan is
proposed for the production CMRB to assure structural quality by:

° Detecting critical flaws
® Measuring structural integrity
° Evaluating consistency cf fabrication

It will be reevaluated after the first block of production blades is completed,
and modified if necessary. This proposed plan anticipates the potential for
the occasional occurrence of flaws, defects, and fabrication errors that can
degrade the structural quality, it establishes the optimal NDT equipment
and procedures for evaluating these possible defects, and it quantifies the
tolerance limits that are acceptable for defects and manufacturing
inaccuracies.

Table F-1 lists defects, flaws, and fabrication errors that were experienced
in the CMRB MM and T prototypes manufactured to date. The list is an
anticipatory forecast for the production blade, and will be updated upon
completion of the blade preproduction program. At that time, a better
categorization can be made with respect to defect types, likelihood of
occurrence, size, location, probability of growth rates, and better analysis
of the structural criticality of the various defects. The tentative consequences
of the flaws described in the rightmost column of Table F-1 will be upgraded
after a more substantive data base is accumulated. A part of the work yet to
be done will be the establishment of a set of structural criteria that provide
""test/don't test'" guidelines; i.e.,

. ""Search, inspect, test, and NDE flaws, defects and error
that each individually degrade the strength, modulus, fatigue
resistance of the MRB by more than 5 percent of its initial
or unflawed value."

Table F-2 lists potential techniques and associated instrumentation for
evaluating the CMRB., Table F-3 indicates the present evaluation of the
success of these techniques,




TABLE F-1. POTENTIAL PRODUCTION FLAWS THAT
MAY OCCUR IN THE CMRB

Type of Defect

Consequences When Defect Exceeds
Tolerance Levels

Interlaminar delamination

Disbonded, debonded
honeycomb/interface

Porosity

Void

Resin rich, filament-
poor area

Resin starved area

Spartube rib buckle
Thick bond lines

Tip or leading edge
mislocation

Root end bushing misf{it,
splits, voids, cracks,

separations

Foreign objects,
inclusions

Delamination grows with cycling, causing
local buckling.

Flutter and loss of blade stiffness and
rigidity.

Degradation of shear strength of epoxy
matrix

Local weakening of strength and modulus.

Tensile strength and modulus decrease
with decreasing fiber volume ratio.

Compressive strength and shear strength
decrease with increasing unwetted fila-
ment~to-resin ratio.

Loss of bending stiffness and torsional
rigidity.

Shear rigidity of bondline is inversely
proportional to its thickness.

Blade won't track, or cannot be balanced
easily.

Potential for premature root end blade

fracture in fatigue.

Some degradation of blade durability from
inclusions.
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TABLE F-1. POTENTIAL PRODUCTION FLAWS THAT
MAY OCCUR IN THE CMRB (CONT)

Type of Defect

Consequences When Defect Exceeds
Tolerance Levels

Filled honeycomb cells

Misoriented plies,
waviness

Reworked area
Overlap, underlap, gap
Internal dent, damage

Inhomogeneous cure

Mislocation of root-end
bushing

Excessive material in the cells bled from
surrounding skin to point of resin
starvation.

Localized weakening of stiffness and
strength, lowered fatigue resistance.

Reintroduction of stress concentrators
and fatigue nucleation.

Local loss of stiffness, rigidity, and
fatigue resistance.

Local loss of strength and fatigue
resistance.

Degradation of strength and stiffness over
wide area.

Reduction of bushing wall and/or flange
thickness during final machining, with
accompanying reduction in strength.

F-5




TABLE F-2. INSPECTION NDE METHODS AH-64A CMRB
Instrument/ Inspection/Test
Technique Equipment Frequency(2)
Visual detection
- Normal illumination Inspector Every blade

- High intensity light

Audible detection
- Manual Tapping
- Sonic Brush

Ultrasonic scanning
- Pulse/echo attenua-
tion

- Pulse/echo impedance

- Ultrasonic pulse,
acoustic echo

X-ray radiography

- Microfocused, video-
taped

- Conventional, negative
film to scale

Impulse/modal response
signature

Structural quality
measurement, rigidity,
frequencies and
hysteresis

S150 Xenon Lamp

Inspector
NASA Seonic Brush

Mark Il Harmonic
Bond Tester:
EPB-15-138.

Bondascope 2100

206 AU

Magnaflux NDT 9/6

Cedtech

PCB K291 A053
tapper

See Figure F-1

Every blade

Every blade
Every blade

Every blade in
lot 1

Every second blade
in lot 1

Every third blade
in lot 1

Every blade in
lot 1

Questionable blades
from microfocus
X-ray.

Every blade

Every second blade
or TBD

NDT techniques and the frequency of inspection will be recommended
after the 20th blade is produced.




NDT/DEFECT MATRIX

TABLE F-3.
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FIXTURE FOR MEASURING ROTOR BLADE STIFFNESS

Figure F-1. Fixture for measuring rotor blade stiffness.




A tentative level of acceptable quality is defined by the following flaws,
defects, or irregularities. Those that fall within these tolerances will be
considered acceptable (minor) manufacturing errors. Figures F-2 through
F-15 illustrate these flaws and their tolerances. Those that exceed these
tolerances will be submitted to the Material Review Board and treated as
unacceptable until disposed of by the Board,

® Skins shall be wrinkle-free over 80 percent of the surface area.
No single wrinkle shall exceed 4. 0 square inches in extent.
Wrinkle pits perpendicular to the surface shall not exceed
0. 06 inch in depth. Overridding folds in the plane of the skin
shall not exceed 0.15 inch. No two wrinkles shall be closer
than 10. 0 inches nor shall there be more than five distinctly
separate wrinkles in a blade.

. Longos shall be free of waviness over 99 percent of their volume
in the lug area and 80 percent over the remainder of the blade.
No single wave shall have an aspect ratio smaller than 20.

. Spartube sidewalls shall not deviate from vertical straightness

by more than 0.05 inch, and from spanwise straightness by
more than 0. 50 inch.

® Interlaminar Resin overthickness shall be less than 0. 010 inch
in the bushing area and less than 0.030 in the longo straight
sections.

° Bushings shall adhere to longos and fillers. No single disbond
shall exceed 0. 06 square inch in area. No more than 3 disbonds
0. 06 square inch in size, shall occur per bushing.

° Filler cracks shall not extend more than 1l inch in the spanwise
direction, nor more than 0.1 inch in chordwise direction.

. Outer Skins shall adhere to spar caps, and inner skins shall
adhere to longos.over 95 percent of their interfaces. No singie
delamination or disbond shall exceed 1. 0 inch on an axis, nor
shall disbonds be within less than 4. 0 inches of each other.

° Fiber/matrix ratios shall rely on in-process control.

° Filament alignment shall be within %3 degrees of the correct
orientation for ali fibers.




° Honevcomb core shall adhere to the skins over a minimum of
90 percent of cell edges. No cell edge disbond will extend beyond
10 cells, nor shall disbonded cell sets be closer than 4 inches.

° Leading edge weights shall be bonded over at least 90 percent
of their surfaces, and shall be positioned within =0. 05 inch of

their intended chordwise position and within %0. 2 inch of their
intended spanwise position.

° Tip weights shall be bonded over at least 90 percent of their
surfaces.

° Torsional rigidity shall be within *6 percent of the moving
cumulative average of tested blades.

° The root end bushing shall be located within drawing tolerance.

All production CMRB inspection and NDE Planning Packages shall be jointly
reviewed and approved by Quality Engineering, Materials, Processes, and
Specifications (MP&S) and cognizant Design/Technical Engineering and shall

be in conformance with the instructions in Quality Assurance Production Plan
for the CMRB.




DELAMINATIONS

f——]—t

J

Figure F-2,

0.5

INCH

/

0.5 INCH

SPAR TUEE
SPAR CAP

INNER SKIN
OUTER SKIN

0.5 INCH (MAX)

® MAXIMUM DELAMINATED
DIAMETER = 0.5 INCH

P ® (T/t) = 1.10

MAX

® MINIMUM SPACING =
10.0 INCH

(MAX)

DEBOND AREA:

® MAXIMUM ALLOWABLE
WIDTH = 0.15 INCH

® MAXIMUM ALLOWABLE
LENGTH = 1.0 INCH

® MINIMUM SPACING =
10.0 INCH

(MAX)

NOTE:

GROWTH RATE OF FLAWS
NOT PRESENTLY KNOV'N

Potential delamination,
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FOR_HONEYCOMB AREA ONLY

® MAXIMUM ALLOWABLE UNBONDED
AREA IS ONE SGUARE INCH

; ® MINIMUM SPACING FOR FLAWS
3 IS 10 INCHES

A L0

EA

sz

Figure F-3. Disbonded honeycomb,




® MAXIMUM ALLOW-
ABLE POROSITY
DIAMETER IS
0.30 INCH

® MINIMUM SPAC-
ING FOR FLAWS
IS 5 INCHES

0.30 INCH

Figure F-4, Porosities,

N

i ® MAXIMUM VOID
LENGTH IS
0.5 INCH

e MINIMUM SPAC-
1 ING FOR FLAWS

-‘N

IS 5 INCHES
0.02 INCH (MAXIMUM)

Figure F-5. Voids
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MAXIMUM ALLOWABLE
EQW = 0.05 INCH

—— < _—

)

Figure F-6. Spartube rib defect.

SKINS
SPAR CAP

{ AORES 1V o /——— TUBE
(

MAXIMUM ALLOWABLE ADHKESIVE
THICKNESS = 0.01 INCH

CHANNEL

Figure F-7. Thick bondline, irregular adhesive thickness.




LEADING EDGE WEIGHT DISPLACEMENT
NOT TO EXCEED 0.05 INCH

l
+ )

Figure F-8. Leading edge weight location tolerance.

VOID OR INCLUSION

® SUBMIT 70 MRB AND
STRESS ENGINEERING
FOR REVIEW OF ANY
FLAWS IN LUG AREA

® CHECK FOR RESIN-
CRACKS

Figure F-9. Root end lug area,




® SUBMIT TO MRB
AND WEIGHTS
ENGINEERING
FOR REVIEW

Figure F-10. Foreign objects x-rayed in blade.

® EXCESS RESIN IN
HONEYCOMB CELLS
DOES NOT AFFECT
THE BLADE
STRUCTURALLY,
BUT COULD
INFLUENCE
CHORDWISE BAL-
ANCE AND THE
SKIN COULD BE
RESIN-STARVED
IN THE IMME-
DIATE AREA

Figure F-11. Honeycomb core cells partially
filled with resin.




HYPODERMICALLY REFILLED DELAMINATION

t
T
O—tI- < 1.10

P s e ® FILL WITH RESIN

® MINIMUM FLAW

SPACING IS
fooo—-—-1.5 INCH DIAMETER ~————a=! 10 INCHES

® MIS-DRILLED HOLE UP TO
0.125 INCH DIAMETER
BETWEEN B.S. 47 AND
268 MAY BE FILLED
WITH RESIN

Figure 12. Reworked areas,

NO VISIBLE DENT

t
0.75 INCH DIAMTER“" ‘—- T
t
bt —)éo.l
T

e MAXIMUM ALLOWABLE

DIAMETER IS 0.75 INCH

e MINIMUM FLAW SPACING
IS 5 INCHES

Figure F-13. Dent from tool drop or hammering,
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‘ SKINS

t
SPAR TUBE SPAR TUBE T

® MAXIMUM ALLOWABLE
LENGTH IS 1.0 INCH

e MINIMUM FLAW
SPACING IS 10 INCHES

Figure F-14, Overlap, underlap, and gaps.

0.75 INCH——=
® MAXIMUM ALLOW-

ABLE AREA IS
0.75 INCH
DIAMETER

® MAXIMUM ALLOW-
ABLE DEPTH IS
5 PERCENT oOF
LAMINATE THICK-
NESS

® MINIMUM FLAW
SPACING IS
5.0 INCHES

WRINKLESs WAVINESS SPECIFIED
ORIENTATION

Figure F-15. Improper fly laydown,

4 . F-18




APPENDIX G

FAILURE MODES, EFFECTS, AND CRITICALITY
ANALYSIS OF THE COMPOSITE
MAIN ROTOR BLADE FOR
THE AH-64A HELICOPTER
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APPENDIX H

STRESS ANALYSIS







The static and fatigue stress analyses for the CMRB show that it is satisfactory,
structurally, for the mission of the AH-64A. For the undamaged blade, the
analysis shows that there will be no failure at ultimate load (1.5 x limit load),
and negligible permanent set under limit loads. Table H-1 summarizes the
minimum margins of safety for critical regions of the blade. Positive mar-
gins are shown throughout. This finding was verified by the laboratory tests.

TABLE H-1. MINIMUM STATIC MARGINS OF SAFETY

Margin
Blade Load of
Station Item Condition Type of Stress Safety
39 Attach RPM = 289 Tension in Kevlar Windings
Lugs V = 180 Kts
M =3.5 0. 40
z
191. 7 | Constant | RPM = 289 Compression in Kevlar spar | 0.06
Section V = 180 Kts | longos in the constant
M, =3.5 section
87 Constant | RPM = 289 Shear due to torsion in #45° | 0.05
Section V = 180 Kts | layers of the constant
M, =3.5 section
89 Constant | RPM = 0 Compression in Kevlar spar| High
Section | Max Torque longos after the T. E. longos
V =0 Kts have buckled
n =1.0
270 Blade RPM = 376 Tension load applied to tip High
Tip V¢ =150 Kts weight housings and blade
n_=3.5 tip
z
' H-3




The fatigue life of the CMRB has been substantiated by a combination of analy-
sis and component fatigue tests. In using the test data, the endurance limit

is reduced for scatter effects according to Table H-2. The life for the vari-
ous sections of the CMRB are presented in Table H-3. That the CMRB has

an adequate static margin of safety and a fatigue life in excess of 4500 hours

has been verified by laboratory test of full-scale specimens.

TABLE H-2., L-N CURVE SCATTER REDUCTION FACTORS

Number of Fatigue
Test Specimens

Percent of Mean L-N
Curve Used

4 or more

1 50%
2 65%
3 75%

Statistical analysis
(M-30)

TABLE H-3. FATIGUE ANALYSIS — SUMMARY OF COMPONENT LIVES
Blade
Station Item Condition Life
39 Root Lugs Weighted Fatigue 4, 500 hours
Ground-Air-Ground 100, 000 hours
39 Root Close-Out Weighted Fatigue Infinite
55 Root Doubler Weighted Fatigue 4, 500 hours
84 Constant Section Weighted Fatigue 4, 500 hours
160 Constant Section | Weighted Fatigue 4, 500 hours
192 Constant Section Weighted Fatigue 4, 500 hours
270 Tip Components Gag Infinite

H-4




Ballistic survivability calculations show that the CMRB can fly a minimum of

30 minutes after being damaged by a 23mm HEI-T projectile. Figure H-1
summarizes the results of the survivability analysis.

M.S. = 0.65 ANY LUG
F.L. >30 MINUTES

M.S.

MINIMUM STATIC MARGIN OF SAFETY
F.L.

FATIGUE LIFE

O T
0 800 00,
..Q. ".Q... ....Q.
e, ’\v"... At |

nd ...0....

M.S.>0.01
F.L. >30 MINUTES

o M.S.>0.01

SN, ——
R RBIRRR illll F.L. >30 MINUTES
LR
o | T
R .- |l | T e

— M.S. = 0.80

-jll F.L. >30 MINUTES
A — lllllll.l.'.l.'.lllm

T M.S. = 0.01
e R TS F.L. >30 MINUTES
Rk QEIYPRILAR .

e TP ANS S l'l'.'.'.l.l.'.lm

B g

' Figure H-1. Ballistic survivability summary - 23mm HEI-T threat.




APPENDIX I

MASS PROPERTIES

I-1




—

The mass properties of the CMRB are summarized in Tables 1.1 and I-2.

The figures show the distribution of weight, chordwise center of gravity, and
pitching inertia along the span of the blade. Table 1-1, the rotor blade group
(shipset of four blades) weight chart specified by Reference I-1, shows a
CMRB group weight of 603.2 pounds - a 24, 6-pound reduction from the metal
blade group. Table I-2 documents the CMRB center of gravity characteristics
for three zones along the blade span that were required for blade dynamic
analysis. The polar moment of inertia of each CMRB is 993 slug-feet-
squared as compared with 1017 slug-feet-squared for the metal blade. This
is anticipated to have a negligible effect on autorotation performance.

I-lMilitary Standard - Weight and Balance Data Reporting Forms for

Aircraft (including Rotorcraft), MIL-STD-1347A Part II,
30 September 1977.

L




r———————.

TABLE I-1., AH-64A ROTOR/BLADE GROUP WEIGHT )

Metal CMRB

1.
2.
3.
4,

6.
7.
. 8. | Spar/Tube-Front 87.1 143. 6

9. | Spar/Tube-Intermed. 64.3 14. 4
10. | Spar/Tube-Rear 65.1 19. 6
11. | Interspar-Cover 107.2
12.
13,
14.
15, | Interspar Adhesive 11.5 -
16.
17.
18.
19,
20. | Leading Edge-Cover 94. 6 16. 4
21,
22,
23,
24. | L.E. De-Ice Blanket 13.9 6.8
25.
26.
27.

28. | Trailing Edge-Member - 20.0
29. | Trailing Edge Cover 25,5 -




TABLE I-1. AH-64A ROTOR/BLADE GROUP WEIGHT (CONT)

Metal CMRB
30.
31. | Trailing Edge Ribs 0.9 -
32, | Trailing Edge-Core 8.1 6.8
33,
34,
35, | Trailing Edge-Adhes 12.1 5.2
36.
37.
38.
39.
40. | Tips 33.9 16.0
41,
42,
43,
44.
45, | Balance Weights-Tip 14.7 12.8
46. | Bal. Wts. -Lead. Edge | 95.1 152.8
47,
48,
49, | Trim Tab 11.0 2.0
50.
51. | Root End-Fittings 73.1 57. 6
52. | Root End-Fasteners 10.5 3.6
53. | Exterior Finish 6.3 5.2
54. | Static Discharge 0.1 0.8
55. | M/R Mfg. Allowance - 12.4
56. | Column Totals 627.8 603.2
57.
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APPENDIX J

AEROEILASTICITY AND MECHANICAL STABILITY

J-1







The stability of the CMRB and support structure was investigated by a linear
eigenvalue analysis and by a nonlinear transient analysis described in
Reference 8. The eigenvalue analysis couples an eleven-cell single blade to

a simple model of the hub flexibility and fuselage rigid body degrees of free-
dom. The rotor support flexibility and fuselage rigid body degrees of freedom
are necessarily isotropic for this linear analysis. Coupling terms are
included to relate blade pitch changes to hub motion. This idealization of the
system is adequate to represent the advancing and regressive cyclic modes

of the system, the most important of which is the advancing whirl mode. The
nonlinear transient analysis allows the anisotropic properties of the rotor
system to be represented and includes all four blades, lateral and longitudinal
control stiffnesses, hub constraints, fuselage free-body modes, and two
fuselage bending modes. Each blade is represented by five degrees of
freedom: two flap modes, two torsion modes, and one lead-lag mode.

Cyclic and collective resonance diagrams, including the influence of aero-
dynamic forces, are presented in Figures J-1 and J-2, respectively, and
show good separation between natural frequencies and forcing functions for
all modes except for the second torsion mode and the 7Q2 line. However, this
mode is very well damped and was impossible to excite during the whirlstand
test, and is considered to be acceptable for the CMRB., Figure J-3 shows
modal damping ratios as a function of rotor speed for a series of forward
speeds, and Tables J-1 through J-3 show the corresponding natural
frequencies. Forward speed is accounted for by applying aerodynamic
forces corresponding to the 90-degree azimuth position (advancing blade).

Figure J-4 shows the whirl mode damping for the severe condition obtained
from the linear eigenvalue analysis. The most critical condition (63/4 =
6 degrees, NZ = 3.5) has a stability boundary above 130 percent NR'

Advancing lag mode stability boundaries are presented in Figure J-5 and
show a low boundary for the case of high load factors at low collective pitch
settings (cyclic pullup in autorotation). However, in comparing this figure
with Figure B-7 of Reference J-1, the CMRB is shown to have an improve-
ment in the advancing lag mode stability boundaries over that of the metal

J'ISilverthorn. L.J.; Childers, H. M., and Neff, J.R., Preliminary

Aeroelasticity and Mechanical Stability Report YAH-64 Advanced Attack
Helicopter, Hughes Helicopters, Inc. Report No. 77-X-8001, June 1976.
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blade. Reference J-1 shows that the linear eigenvalue analysis is
conservative compared to the four blade transient analysis.

A transient analysis was run for the most severe advancing lag mode case
(63/4 = O degree, N, = 3.55, 376 rpm). An initial chordwise excitation was
applied to one of the blades and the decay of the mast bending response was

measured to calculate damping. The results shown in Figure J-6 indicate
that the condition is stable with a modal damping of g = -0.033, It is,

therefore, concluded that the advancing lag mode stability boundary is
greater than 130 percent NR.

For the mechanical instability (ground resonance) analysis of the AH-64A
with the composite main rotor blades, the most important parameter is the
blade first moment about the lag hinge. As shown in Table J-4, both the
blade weight and first moment are less for the CMRB than for the metal
main rotor blade. Since the lead-lag dampers and a2irframe are unchanged
for the CMRB, the reduced blade first moment will give increased ground
resonance stability margins. Therefore, the AH-64A with composite main
rotor blades should have at least as good ground resonance stability as that
demonstrated with the metal blades.

In summary, the advancing whirl mode stability boundary is above

130 percent NR for all load factors and collective pitch settings, the advancing
lag mode stability boundary is above 130 percent NR, there are no flutter or
divergence limitations within the operating spectrum of Npy, (130 percent Ng)
and 115 percent of V1, and mechanical stability margins are similar to
those of the AH-64A with the metal blades. With respect to the torsional sta-
bility of the main rotor drive system, the only difference in the system with
the CMRB installed from that with the metal blade installed is a minor reduc-
tion in rotor inertia from 0.829 slug-t’eet2 for the metal blades to 0. 783 slug-

feet® for the CMRB. Hence, both systems are anticipated to perform
similarly.
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TABLE J-4. MAIN ROTOR BLADE WEIGHT AND MOMENT COMPARISON

Metal Blade CMRB % Change
Weight (lb) 154.3 147.3 -4.5
7% (in-1b) 18, 980 17,940 -5.5
1 (slug-ft?)*» 1,017 993 2.4

*o-g

1]

*%])

J-17

Blade first moment about the lag hinge (r = 34.5 inches)

Rotor blade polar moment of inertia about rotor shaft




APPENDIX K

RELIABILITY ASSESSMENT







Reliability assessment of the CMRB is based on a Failure Modes, Effects,
and Criticality Analysis (FMECA) that considers degradation of reliability
that may occur during subassembly manufacturing processes, final blade
assembly manufacturing processes, and in-service operations. The types of
defects contributing to reliability degradation, the effects on blade and air
vehicle performance (as determined by the FMECA), and compensating pro-

visions wherein these defects can or are being ameliorated are discussed
below.

The significant contributors to reliability degradation are hazards induced
during air vehicle operation and maintenance, including thermal cycling,
shock, vibration, aircraft fluids, rotor downwash (induced airborne particles
and foreign object damage), rocket debris, rough handling, impact with ter-
rain objects, maintenance, and contact with work stands and ground vehicles,
Design allowables tend to compensate for some of these hazards and the
resultant degradation may be readily visible. However, the resultant degrada-
tion due to those hazards, but not readily visible, can only be determined by
an effect and adequate nondestructive evaluation or nondestructive test tech-
nique, Based on results of previous testing and for equivalent material thick-
ness, the order of damage tolerance is as follows. Kevlar is the most damage
tolerant, graphite is much less damage tolerant, and fiberglass is intermedi-
ate. Sandwich construction has poorer impact resistance than monolithic
constructions and tends to suffer reductions in strength due to subsurface
damage.

Being made primarily of advanced composite materials, corrosion as a

failure mcde will be essentially non-existent for the CMRB. Of the metal
parts that could be subject to corrosion, the 304 CRES tip weight is passivated,
the A356-T6 aluminum aft tip weight and 6061 T4 aluminum adjustable weights
are chromic acid anodized, tungsten adjustable weights are etched and primed,
17-4 PH bushings and forward tip weight are passivated, and the 316 CRES
balance rods are wiped with MEK prior to being embedded in the epoxy matrix.

Delamination of the Kevlar plies can occur during in-service operations
resulting in loss of blade performance and possible excessive vibration. The
FMECA has determined that 20 percent of the failure rate is attributed to
delamination with resulting reliability degradation. These delaminations can
be detected using non-destructive inspection techniques.

. While porosity or voids within the elements themselves should not occur
because rigid inspection techniques would have discovered them prior to
assembly, porosity or voids can occur between any of the blade components




during the temperature-pressure curing process. Porosity or voids
contribute approximately 4 percent to the total failure rate of the CMRBE,
according to the FMECA., The remoteness of their occurrence is based on
the nondestructive inspection (NDI) and/or nondestructive evaluation (NDE)
techniques used on the CMRB after its initial molding, or after in-service
repair,

Resin-starved areas result in delamination as well as an upset of the fiber/
resin density ratio. Resin-rich areas result in an upset of the desired fiber/
resin density ratio. Both resin-starved or resin-rich areas can contribute
to blade imbalance and loss of effective blade performance. These conditions
can only occur during manufacturing, not during in-service operations, and
would be discovered during inprocess control. The resin-rich or resin-
starved defect is not considered as a failure mode in the FMECA since it
would be a failure mechanism (cause ) of a delamination failure mode.
Unbonded areas defects would be prevalent only during the final manufactur-
ing phase. Debonding can occur during the final manufacturing process as
well as in-service operations. Reliability degradation caused by debonding
results in degraded blade performance and excessive blade vibration thus
aifecting air vehicle performance. Debonding represents about 20 percent
of the failure rate as determined by the FMECA. Bond line consistency will
prevent debonding during in-service operations.

- Rain erosion and ultraviolet (UV) radiation contribute greatly to environmental
degradation of CMRB reliability. Sand and dust can be classified as FOD-
induced erosion, as in maintenance-induced damage due to tool marks or

tool drops. A leading edge erosion strip tends to protect against erosion.

All trimmmed edges are capped to prevent water absorption. The blade is

painted with an epoxy primer and a urethane top coat to preclude degradation
of the Kevlar and epoxy from UV radiation.

Three areas of the blade that are candidates for repair are the leading edge,
the multitubular spar area, and the aft portion of the blade. The root end
region is considered to be not repairable. The thermoplastic elastomer
(Estane) leading edge erosion material may be repaired on the helicopter by:

o Repair local pitting

use kit furnished by manufacturer
] Cut away and repair local area

¢ Remove entirely, and bond on new Estane strip




The repair technique for the multitubular spar area is anticipated to include
trimming away damaged material, scarfing the blade skin around the hole,
emplacing spar tube repair segments, applying a O-degree longo/+45-degree
composite skin patch, bonding the patch in place with heat and pressure, and
sanding and painting the area. The repair technique for the aft portion of the
blade will be to trim away the damaged skin and underlying honeycomb. A
small repair area will be filled with glass milled fiber/epoxy paste — a piece
of honeycomb will be cut to fit and bonded into larger damaged areas. The
procedure for patching and the skill required will be similar to that for the
spar area. Tip weight adjustment may be required to compensate for the
location and weight of the repair patches.

HHI plans to estimate the damage that can be safely repaired and then define
. the skin, longo, and spar repair materials and adjesives that are necessary
to perform the repair. HHI plans to select one CMRB, make a repair to it
in each of the two zones, and subject the blade to a midspan fatigue test to
evaluate the effectiveness of the repair during the full qualification effort.

A failure reporting system based on the Army-developed RAM/LOG

(Reliability Availability Maintainability/Logistics) data collection methodology
(AMSAV-L form 1249, 1250, 1252, 1266) will be instituted with the beginning

of flight test. These forms will be used to record all failures that occur during
the test program. Then a qualitative reliability assessment will be made

based on the data that results. This assessment will then be evaluated against .

the comparative reliability value of the metal blade that is currently used on
the AH-64A flight vehicles.




: APPENDIX L

MAINTAINABILITY ASSESSMENT







The Maintainability Engineering Analysis (MEA) for the CMRB addressed all
the failure modes and effects data that are reported in the Reliability Assess-
ment section as representing unscheduled maintenance items. The scheduled
maintenance part of this MEA includes both daily and phased inspection.
Phased inspection includes routine preparatory cleaning and selected preven-
tive maintenance tasks. This MEA for Aviation Unit Maintenance (AVUM),
Aviation Intermediate Maintenance (AVIM), and Depot Maintenance (DEPOT)
predicts maintenance man-hours per flight hour as listed in Table L-1.

The repair limits and maintenance organization levels that are listed in

Table L-2 are based on design criteria and stress evaluations. The repair
level is considered to be very conservative inasmuch as many of the minor
damage listings could be downgraded to the next lower maintenance level from
AVIM to AVUM. In fact, because of the slow damage propagation rates of the
CMRB, many repairs could receive temporary AVUM repairs and be operated

for an additional 10 hours, or until a scheduled preventative maintenance
check.

The repair procedures that are outlined in Table L-3 address the major and
minor damage listed in Table L-2. While HHI's Maintainability Engineers
consider these repair procedures to be within the current State-of-the-Art,
it is realized that the aerospace industry is putting increased emphasis on

composite structures and their repair causing the current state-of-the-art
to change significantly.

As new technology becomes available, it will be incorporated into the repair
procedure. During the CMRB production program it is planned to further
refine the depot level repair procedures.

"TABLE L-1. MAINTENANCE MAN-HOURS/FLIGHT HOUR

Level Scheduled Unscheduled Total
AVUM 0.00898 0. 0200 0.02898
AVIM 0.01473 0.0125 0.02723
DEPOT 0. 00697 - 0. 00697

0. 03068 0.0325 0.06318




\

NOT1123S 340D 14V

e . ——— ——— ——— ——— —— ——

LOodHa - oovidoy g daoway | WIAV ut bs 62°21 weja(] /3oy sanso) diL
10d4U - aoejdoy B srcway | WIAV uy bs ¢ urej2q/ oo d)| psemiod
WIAY aofey | WIAV JOuty uugsoaly diy piemiog
- - - WNAV - #33m [py os007] LEELATLILY SCH
rod4da Aavuopjeyg 35007 - - JuoN eazy wdram diL
NIAY JuoN suoiPos goL | WIAV [ ut €711 UORIS | piyoes) qel ddujy
NIAY uy 09 up g - Ut p7 | NOAYV ui 9 we)3(/puoqaq 23pd 1ied L
WIAY |Buojui gl x ut ¢ adeureq/sa10}| | WNIAY ug 1 wep3(j/puoqaq uo}d3g 3i0) Yv
1z
WIAY uy gy /aedg { sydean | WIAY uy ajoyyjwerdaq/pucqaq 6% SU 3¢ ‘2 ‘1 %oy Jedg
WIAV auopN acserday | WIAYV uf 9 weta(/puoqag 2anso(n paroqul
10434 aal puoqa(/sydean | NOAY suoN ystuy ‘syiN 8¥ 03 g °LE SU
lod3a - pajoeadfasooT | WNNAV JuoN saymneidg s3uysng yoeny
10d43a - utl y uey) A0 | WIAV ut y ut ¢ - RPwn Suipuoqaq o8p3 1
WIAY ug L ur - oyul y| WIAV spoy ¥ niyy o " 2o m poy 28p3 1
WIAY ui ye ut puey) 30N | NNAYV uy ¥ oyfu ‘snd diang yoeq a¥p3 1
WIAY Juon ul pueyl AIoW | NNAY ut Juissju ‘syRRU *IR) dyaig uoysoay *q4° 7
193491 Nuyy advweq 2oflepw [EX S FY17ii%e afeweq Joulpy eaay ajeday
ayeday ayeday
0°882 2°112 33nS$01) QUVOEN!
— 0°892 0°28 ¢*gy O°Iv-5°18

dill am4

41416 NOISo¥d “3°1

STAAAT IDNVNALNIVN ANV SLINIT ADVAVA WD ‘2-T ITLVL

1HO13ImaoYy "3

.

i




‘jvrrajews 31 upm sded

adpa 14 cpoatnbat yt jeay ‘oserd u
puoq ‘31 pue dsaedai g ‘odewep duajsyoeq
Aue 11edas ‘aalsdype uea]H ‘JelIadjewW *duissiw dixjs Jo
diajs uorso0xd padewep 10 2S00| dA0WA Y sayoul p uey) Aiop - Jofeyw

‘lelaajew 1} woay sded 11y pue
aoerd ut puog °Is1g °H wWnwWiw yim 31j
‘[eraajew ay1] woaj yojed axedaad ‘siau
-100 snipel ‘pasowax sem drijs Uoisolrd

aIaym ®II® WOIJ IAlsaype ued[d I

aredas wioaj [eriajew yitm (14 cjerdajewr *Surssiw drajs jo diajg uotsoay
dixys paderj/asoo] aAowal ‘ease uel[n sayoul ¢ *S€)}OIU ‘s3Nd JOUIW aueyaanijod ‘d 1
lreday adewreq a1y
"
[}
-
0°882 L°TL2 3¥nS013 QYVOANI
o..mow
Jynsod
dit NOI123S 340D L4V
[ S1IHIIIM|— NOI133S X0d ¥YVdS-€ — — i
o __

LH913IMT0Y .u...\ﬁ

dIl aOmd SONIHSNE HIVLLV

dIY¥lLS NOISOY¥3I °3°1
SAUNAIADOUd WVdHY dIND "¢-T ATHV.L




\

*sanoy 31y o1 03 dn pake(ap 9q Aew yredas usuewrad - avedax Laesodway sajeudisap (YL)x

sj3uad1ad oy

jeruajod deads atedad pazieidads jodaQg aolepy

*9sn pue
VNPE6 VI ym yoead [[1J Aap ate wed[d [x (Y1) *A2eId youl ¢ - I0UIW a8pg 3T

‘Jetaajews 31y ypm sded

adpo JIIJ ‘103EA3[2DDE PUT JUIUIID dURISH
AepeIVIEE0s1V 2atsaype Jursn duis uols
-04a [[eisul pue ‘pudlq ‘2Ind VNbEbH VI
aarsoype Suisn puoq pue [elidjews

6 aeiaay diriisyoeq Yilm eare Ia4a0)
spuajq pue a1nd ‘I2({!J 096 VI [eliareW aanpasoad aweg - 1olep
Axoda ynpm (i3 ‘sdewep sniped ‘aFeurep
1sed yout 1 drisyora aA0URI ‘afdeurep x(d1)

s ed sayoul ¢ dia)s UOISOIs sAOWdY yénoayy nd spox § - IGUIW wydrampoy °*dA°1

sperIajew 30| yitm pus jng

[t °ooe[d ur puoq pue saydul ¢ spua
aredoa ‘defiaao o3 diajs uoisol?d saedarg
-11ej pue ‘yjoows pues ‘aind ‘Axody
syjord aredaz ut Ae| °[etidjew pade *Suisstw 10 ydnoay)y
-wepun o} ateg c-1aded gMm 02¢ UM pPUeS papoxa diaysyoeq 1o(eW

*31) diI3s uolsoIa yim
yoyed c[eirrdjew juaselpe yjlm ilej oj pues
‘aann *Axoda yjm [|1j pue s)Ddlu pueg oW ‘sInd - IOUIW duaysyoeqg *q°*1

ateday agewre(q ] valy

(LNOD) $ddNadD0Ud HIvddd €dND "¢-T ATdVL

L-6




[

«(adewep

aa1qnop ou ‘ieds oN) sayoul g°2 0}
papuedxa aq Aew Ajuo adewep 13a0d> ‘(uoly
Sa41p juawe(l) uteute ) VNVE6 Vi UM 6F aeds /yruaig yout g °1 131qnop
1e[aay jo yojed Ajddy ‘Aquo a3ewep jnoYy ‘39402 I9jn0 payderd dolep

Ajuo

*Ajdde

sastjoead paepueis °*VNPE6 VA Buisn
yojed 3nid ysnyj ysijdwosoy paainbox
se jeay pue asanssaid Ajddy ‘aalsaype
§525x9 jno d9zaanbs o0} adejans o3 aanssaad
A[ddy °"yNPpg6 VI Yitm ploa (11 pue afoy yout |
a|pa3au odAy ajepowiwodde 03 20y [[1Q wrejap/puoqap - I0UIN

yswyjea ‘puarq pue (|4

‘WNPEH VA Yam 3deid ut jaed 1redax paysnad g1 - 1oflel
puog °JI23nol Yjla asowady «Ajdde sacy

-oead paepuels °VYNbpE6 VA Sulsn puoqay wie[ap/papuoqap - 10U
juadiad gg

ajex deads 1redas pazijeldads jodaQ | uoljeulure(ap s3dOe1d - aofe
*ystuiyaa pue puald s)OW ‘saydjerds - JOUIW
s3aed atedaa paziperdads - jodag | asoof pajydesd ‘poalyai] xofeiy

-13jawol 1w Julrnseaw oprsul
Suisn sjIwIl] J0] daAnseaW pue ysijod $3YdJeIDS IOULN

1L2 01 6¥% VIS
€ ‘2 ‘1 *ON xod Xedg

aanso[n pieoquy

8y ¢31 6Lt 1S

sdurysng Yoeny

areday adewre(g

valY

(LNOD) s3YNAID0Y¥d dIvddy YWD °¢-T IATAdVL

L-7




+Ajdde sjuawejly uorydaalqg

‘Yysiuijal pue parinbaa se pualg °329Yys
Ajod 2A0wiaax ‘*sped aanssaid pue ‘3aays
fiod ‘aaqy Alddy *3jquasse pue sadejins
1oR3UOD [[e 0} YNPE6 VA A1ddy cueapd
pue ‘ajquassesip ‘ysaw Jutuzydrg nd
pue ‘sanojuod >}d3yd> ‘sjeld doj 31y °iINo)
-uod jnoa pue (Aip) 2100 jreisujy °adeid uy
1a[qnop pue djeqd asej ysnij dweyy °310d
juawase[das nd> ‘310> padeurep jno jnod
‘sajerd adeJ yjoq woa) 3adeuwep Jno oy

*ystuijaa pue paiinbas se pua|q - 323Yys
Ajod ‘*sped aanssaid ‘jeay aaowdd - 3IND
- paxinbaa j1 yeau Ljdde ‘sped sinssaad
A1dde ‘ped aanssaad sjeinsui 03 3839Ys
Ajod Ajdde ‘doj ada0 aoqnop Ajddy -dej
-1940 yout g0 Yim ysaw Sutuiydij Ajddy
*3AISIYpE pue s[ellajews awes jo yojed
1apqno( °delidaso yojed aajqnop yout ¢ 10j
MO[[® 03 YSIUl] 2A0WdY °*IDEJINS pudjq
‘paamba1 J1 jeoy pue sanssaad A|ddy
*[[®BISU] °9DEJINs }DEBIUOD II0D pUE J33Ys
yloq 03 YNpg6 v Alddy  cueapd pue 31
‘42038 399Yys JejAdY aredarg °paysiiqeisa
§1 333Ys /210> papuoq [1un paainbaa

s8® }30Ys 2d¥) papuoqap no jnoy

*sjooys aodej
yjoq pue aiod o) 2dewrep
10 y3noryj sajoy - zoflep

saydul 9 papuoqap
}29Ys ade] auo - JIOUl|

uo(dag 310p YV

uoldag 310D PV

1redoay

adewe(q

eaay

(LNOD) SadNdidooUud UIivddd WD ‘¢-T dTAdV.L

L-8




]ll

*sanoy 3y o1 03 dn pade[ap ay Aewr aredoas juauewaad - itedaa Aizeioduraj sajeudisap (UL)x |

< zoutw pue rolew yjoq o3 satjdde areday

*saydul ¢ *J[ JO syjdua] uUoI}d3s Ul papla sayour ¢°11
-01d st pue jaed atedas ® sl qe} a3uly ayy 03 padewep 10 YDBID JOUIW qe], adul}]
*ysiuiyal

pue ‘pud|q 03 pues ‘21nd ‘096 VI
1a((y Alddy *31esys Ljod pue aanssaxd
aAOWAl ‘jEIY dAOWAI - 3IN) °*parinbaa
1 yeay pue aanssaxd Ajdde ‘jaays

Ajod Ajdde ‘sjquiassy °SadejIns }deIUO0D
11t 03 VNZzE6 VI datssype Ajddy  "3{osy2
313 103 A1p aquassy “ysaw Juruydy
D ‘sad[qnop djedlrqeq °*s)a3ys

aoe) pue 210D 3jedliqeq ‘[[eIsul pue aals
-aype Ajddy °spua padewepun je oduoj adpa J1ea) paysnio
jiedg °*spua yjoq je [-03-g oduo| ireda ‘sayour g9 papuaixa
jaeods ‘adewep Jno NOY “°IAvQE SEIWEG uonjeurwe[ap - lolepw

L-9

*Yysiuljal pue puaq oj pueg

*joays pue ‘syd0[q ‘sdwe[d sAowdx ‘aInd
‘dwe]> pue syoo[q dwe(d Addy *j323ys
Ajod A1ddy ¥Npg6 Vi 122ful ‘ues[d a1y | x(YL) uoneurure(ap - 10Uty adpy duyter]

1teday adewre(q Ay .

(LNOD) SIdNAdDOUd UIVvddd YWD °€-T ITdV.L




\

s 1noy 348y 0f 03 du pake(ap aq Aew itredas usuvwaad - sredar Arerodway sajeudisap (4 1)x

_ #(4 L) ut bs gz 21 03 2I°oH .
‘¢ *OoN 4aledar se sdureg uorjeulwie]ap - IOUTW aanso[n dil BV

‘ysiuryax - puajq pue ‘4096 VH Yim

avey ‘HNPE6 VI PU® 6p JBIAIY YUM yo3ed
‘wieo) YjIm proa |[i} ‘edewep Ino N0y ut bs gy 03 3ol
‘ystuiyax pue .

uea|d ‘sped a2inssaid aaowdl - 3IND puoq
aanssoad pue YNbE6 VI Ajdde - uead ity uoljeurure(ap - 1ofepw di] piemiog

‘ysiuijal pue ‘am 0z¢

ynm yjoows pues ‘4096 VI yim s3d (11 g uolsol1a - JOUly di] piemiog
sjydrom
*sjj0q Suyysnipe pue Jurunows uajudry, wuawysnipe asoo| - JIOUT o p diy, e
[}
-
sjydiom
«Ajuo uorjoe jodag Axeuorjeys @soo] - Jofepw eary ydiopm dig

systulyal pue

furyias peurdrio o3 [ooj (eroads Juisn qey
puag °UNJIIIAO0 puajq pue ‘ued[d ‘sydolq
pue sduwe[d asoway °parinbal ji jeay
sduwie[> pue *jyd0iq ‘ssed ut atedas puoq
pue ooejins uea|) °a3pa Jui[iely woij

[Bl13jeWw 2A0WII 0} jou [njased Juraq juswade[dai ysut g6
‘aAOWal 0} SUOI}D3s (e) padewep jnoy 10 suoljoas g - iolepw
aredoy odeure( . eaay

(LNOD) SHUNAAD0Ud HIVdHY YWD "¢-1 JIdVL




Because of its high safety factor and slow damage propagation rate, the

CMRB is able to withstand minor damage while remaining serviceable. How-
ever, a temporary repair that is essentially cosmetic will keep out dirt and
moisture and retain the necessary aerodynamic shape until it is convenient

to make a permanent repair. Repair man-hours for those items listed as
minor are estimated to require 1.6 to 2.4 man-hours plus cure time of 2 hours
at ambient temperature of 77°F, or 30 minutes with supplemental heat. Major
damage repairs at the AVIM level are estimated to require an average of

7 man-hours. In addition, the cure times given above must be added.

Depot level repairs were not estimated and will require specific engineering
for custom repair designs.
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APPENDIX N

4 DRAWING LIST FOR THE COMPOSITE
MAIN ROTOR BLADE FOR THE
AH-64A HELICOPTER







Drawing
Number Revision Title
7-311412500 R Blade

7-311412508
7-311412509
7-311412511
7-311412512
7-311412514
7-311412515
7-311412516
7-311412517
7-311412530
7-311412531
7-311412532
7-311412533
7-311412536
7-311412537
7-311412538
7-311412539
7-311412541
7-311412542
7-311412543
7-311412545
7-311412546
7-311412547
7-311412548
7-311412549
7-311412550

D
A
M
E
D
C
E
F
G
C
B
C
J

L
H
E
F
K
H
D
G
E
J

K
B

Blade Ordinates

Lines Definition
Closure, Inboard
Door

Weight

Bolt

Erosion Strip

Bracket Assembly
Weight Assembly

Spar Tube No. 1

Spar Tube No. 2

Spar Tube No. 3
Longo, T.E.

Cap Assembly
Doubler Assembly, Skin
Doubler, Cap

Wedge, Inboard
Wedge, Spar Cap
Core Assembly, Tip
Skin

De-icer Blanket
Lightning Screen
Weight, Forward, Tip
Weight, Aft, Tip

Tip Weight, Leading Edge




—_— -

Drawing
Number Revision Title

7-311412551 - Rod
7-311412553 A Backing Strip
7-311412554 - Backing Strip, Tip '
7-311412556 C Bracket Assembly

) 7-300412557 G Root End Dam
7-311412559 A Cap, Leading Edge

. 7-311412561 E Hinge, Trim Tab

P 7-311412563 G Plate, Face
7-311412567 F Plate Clevis
7-311412568 B Bushing
7-311412569 C Inner Skin
7-311412570 A Absorber Assembly
7-311412572 D Core, Aft
v 7-311412573 D Channel
<« . 7-311412574 G Core Assembly, Aft

7-311412575 B Filler Doubler
7-311412576 C Closure, Outboard
7-311412577 - Strip, Fairing
7-311412581 B Target Set
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